Solutions of Dextran Ph, Plasmoid, Periston and isotonic saline were compared with serum albumin and whole blood to determine the efficacy of the former as blood substitutes. Rats 
IN TIME of war or national emergency, there has usually been urgent need for materials which can be produced in quantity for treatment of shock resulting from trauma or acute loss of blood or plasma, because the supply of blood and plasma may not be adequate or readily available.
It is also recognized that it would be wise to have at hand proper substances for transfusion of patients in small hospitals and in rural areas where blood transfusion service is not adequate. For use in such places the primary considerations for a plasma substitute are availability, stability, relative inexpensiveness, and ease of administration.
The substances which are the subject of this investigation may be produced in large quantities and stored in depots for emergency use with less danger of deterioration or contamination than would be true of blood or plasma. Since 
MATERIALS AND METHODS
In this study, Dextran Ph (a polysaccharide of high molecular weight), Plasmoid (osseous bovine gelatin) and Periston (a synthetic polyvinyl pyrollidine) were compared with isotonic saline solution, human serum albumin, human plasma, and blood in various species of laboratory animals following control or graded hemorrhage.
The Dextran was furnished by the Pharmacia Company, of Stockholm, Sweden, and was manufactured and bottled by them. The Dextran Ph was a 6 per cent solution of Dextran in a 0.9 per cent sodium chloride solution.
The gelatin solution, Plasmoid, used was a 5 per cent bovine osseous gelatin in an In all of the experiments the hemorrhage was done with the animals in a supine position.
Since many of the blood substitutes which have been used in the past have been found to have noxious or deleterious effects, including accumulation in certain organs of the body, the substances under investigation were administered at intervals to a series of guinea pigs over a prolonged period. Twenty male guinea pigs were used for this purpose. The weights of the animals were recorded at the beginning of the experiment and again at its termination. The materials were given into the penile vein. Occasionally it was impossible to make an intravenous injection and the replacement fluid was then given intraperitoneally. Twenty injections were given to 12 guinea pigs over a period of two months. Because of the death of three guinea pigs followinginjections of contaminated Plasmoid, three additional guinea pigs were substituted and received nine injections intravenously over a period of three weeks. Five guinea pigs were used as control animals.
It was found that contamination of Plasmoid solution with bacterial growth was more prone to occur than contamination of Periston or Dextran after the bottle was opened. Periston and Dextran appeared to be highly resistant to bacterial contamination.
RESULTS
Six guinea pigs and three rabbits were used as experimental animals for antigenic tests with Periston. The guinea pigs were divided into two groups. Two solutions were prepared. One solution contained 10 per cent Periston (polyvinyl pyrollidine) in distilled water; and the second solution contained 10 per cent Periston mixed with egg albumin (20 cc. in 80 cc. distilled water), equal amounts of each. Three guinea pigs were injected with the 10 per cent solution of Periston, being given 1 cc. each; and three guinea pigs were injected with 1 cc. each of the Periston and egg albumin solution, the solutions being given intravenously. Twenty-one days later, all six guinea pigs were given intravenously 1 cc. of 10 per cent solution of Periston. No noticeable effects were seen in any of the guinea pigs. One of the guinea pigs which had received only Periston previously was given 1 cc. of the Periston and albumin mixture without effect. The three guinea pigs which had been given the mixture of Periston and egg albumin were given 1 cc. of this mixture. In these three guinea pigs an anaphylactic reaction promptly developed and the animals died. From this experiment it appears that Periston is not antigenic.
Three rabbits were used to determine further the possible antigenic properties of Periston. The effects of intravenously infused Periston on blood flow was observed in one rabbit by means of a transparent chamber inserted in one ear. Each of the three rabbits was given 5 cc. of 4 per cent solution of Periston intravenously.
The infused Periston appeared to have no effect on the general condition of the rabbits. The blood flow through the vessels in the transparent chamber was observed for a period of 45 minutes. There was no leukotactic phenomenon exhibited as has been reported by Essex and Grafia 2 following the intravenous administration of solutions of Dextran, acacia and other materials.
Three weeks later, 10 cc. of 4 per cent solution of Periston in distilled water was given intravenously to the same three rabbits. There resulted no anaphylactic reactions or other signs of allergy. The circulation of the blood through the rabbit's ear was again visualized after the administration of Periston, and again there was no leukotactic response. If anything occurred, it was an increase in the rate of the circulation of the blood.
Bleeding volumes were completed in a series of 15 guinea pigs by removal of blood from the region of the right auricle through small plastic tubing. The average amount of blood that could be removed was found to be 3.85 cc. of blood per 100 Gm. of their body weight. All the guinea pigs died after the removal of this quantity of blood. After this, guinea pigs were bled 3.0 cc. per 100 Gm. and 3.5 cc. per 100 Gm. of their body weights. If the blood lost by these hemorrhages was not replaced the guinea pigs died.
With a hemorrhage of 3 cc. per 100 Gm. body weight followed by an infusion of one of the replacement fluids in the quantity of 1 cc. per 100 Gm. of body weight, there appeared to be relatively little difference in the rate of survival, with the exception of the controls that received saline solution. If the blood lost was not replaced or if infusions of isotonic saline solution were given, there were no survivals. The survival rate following the infusion of Dextran 6 per cent, Periston 3.5 per cent, Plasmoid and serum albumin was 100 per cent. The survival rate following the infusion of heparinized guinea pig blood strangely enough was 90 per cent. Ten guinea pigs were used for each comparison.
In another series of guinea pigs from which 3.5 cc. of blood per 100 Gm. was removed, survival rates without replacement and after the infusion of 1 cc. isotonic saline solution per 100 Gm. were the same as the survival rates of those from which 3.0 cc. of blood per 100 Gm. was removed in that there were no survivals. After infusion of Dextran Ph the survival rate was 50 per cent; after infusion of 3.5 per cent solution of Periston the survival rate was 60 per cent; after infusion of Plasmoid the survival rate was 80 per cent; after infusion of human serum albumin or of heparinized guinea pig blood the survival rate was 100 per cent ( fig. 1) .
A similar type of hemorrhage was carried out on albino rats. The rates of survival following a hemorrhage of 3.5 cc. per 100 Gm. body weight with no replacement or replacement of 1 cc. of the materials per 100 Gm. were: (1) In the series of 20 guinea pigs used for infusion of these replacement fluids, before necropsy, the animals were again weighed. Determinations of hemoglobin and complete blood counts, including erythrocytes, leukocytes, lym-phocytes, heterophils, eosinophils and immature cells, were performed. The results of these blood counts are seen in table 2. The guinea pigs were killed in a chloroform chamber and necropsies were done immediately. There were no gross changes to be seen in any of the animals. Tissue specimens of the heart, lungs, aorta, liver, spleen, kidneys and bone marrow 
COMMENT
The problem of replacing blood lost by hemorrhage is of major importance to the surgeon and the anesthesiologist as well as to other medical practitioners. This is particularly so in the prophylaxis and treatment of operative shock. No one disputes the efficacy of whole blood in these regards. However, we were concerned with evaluating replacement fluids other than blood and blood derivatives. At times blood and blood derivatives may not be readily available. The substances evaluated in this study are readily stored and are relatively inexpensive.
The results of these experiments reveal a definite superiority of the replacement fluids evaluated when compared with isotonic saline solution. In dogs, there was no significant difference between human plasma and Dextran Ph. There appeared to be a superiority of Dextran Ph over Plasmoid and Periston, but it was not statistically significant.
In the guinea pigs treated with human serum albumin, a survival rate of 100 per cent was comparable to that of guinea pigs that had received blood. Plasmoid appeared superior to Dextran Ph and Periston 3.5 per cent.
In the albino rats, serum albumin was found to be superior to Dextran Ph and Periston 2.5 per cent as a blood substitute. Dextran Ph, Periston 2.5 per cent, Periston 3.5 per cent and Plasmoid were about of equal value.
The value of survival rates as a method of evaluating replacement fluids in small animals after hemorrhage may be questioned. The effects of cerebral anoxia and cardiac damage on survival must be borne in mind.
A Complete blood counts done on guinea pigs after prolonged and repeated administration of the plasma substitutes in question did not reveal alterations of known significance.
Histologic studies of certain organs of guinea pigs after prolonged and repeated administration of the plasma substitutes did not reveal alterations attributable to the replacement fluids when compared with the findings on tissues of normal guinea pigs.
These replacement fluids appeared to have no deleterious effects on the normal growth and development of guinea pigs receiving prolonged and repeated administrations of the fluids under study.
Sensitivity to Periston was not found in rabbits or guinea pigs receiving this substance intravenously.
Utilizing the Clark window in the rabbit's ear, a leukotactic response was seen after the intravenous administration of Dextran. A leukotactic response was not found after the administration of Plasmoid or Periston.
24REPLACEMEINT FLUIDS FOLLOWING CONTROL HEMORRHAGE CONCLUSIONS 1. Plasmoid, Dextran Ph and Periston, by the criteria used in this study, have been found to be satisfactory replacement fluids for blood lost by hemorrhage in albino rats, guinea pigs and dogs.
2. Deleterious or noxious effects were not observed after the administration of these replacement fluids in experimental animals.
